
SEC..RITY CLASSI1ICATION OF THi5 PAGE CW-.., Do&. Enrerjd)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONSREPORT__ DOCUMENTATION __PAGE BEFORE COMPLETING FORM
I. REPORT NUMBER 12. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

FTC-0006/FS I

4. TITLE (ad Subtfie) S. TYPE OF REPORT & PERIOD COVERED

Test and Demonstration Report Phase I Test Report
(Prototype High-Temperature Chlorine-Resistant Aug 86-Mar 87
RO Elements) 6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(e) 8. CONTRACT OR GRANT NUMBER(e)
Ralph H. Forester
Michael Y. Kim DAAK70-86-C-0081

Robert J. Petersen

9. PERFORMING ORGANIZATION NAME AND ADOLRESS 10. PROGRAM ELEMENT. PROJECT, TASK
AREA & WORK UNIT NUMBERS

FilmTec Corporation 
Line Item A0067200 Ohms Lane

Minneapolis, MN 55435
1 1. CONTROLLING OFCNAEAND ADES12. REPORT DATE

DCASMA, Twin Cities 21 Sep 87
2305 Ford Parkway 13. NUMBER OF PAGES
St. Paul, MN 55116 15 pp + Appendix (82 ]pp)

. 'IfereI I'om Controlllng Office) IS. SECURITY CLASS. (of this report)

AD -A213 56915s. OECL ASSiFI CATION/ DOWNGRADINGSAD-A213 569 SCEDULF

STRBE-FS: 8
STRBE-TQ: '2
AMSTR-WJ: 1

AMSTR-QEG: I D
v ELECTE

I77. DISTRIBUTION STAT~MI ~ idflfrant from. Rop. OCT 29 3 1989

Dis nouIOMUn iitjD 6
18, SUPPLEMENTARY NOTES

19. KEY WORDS (C tinue On teverse aid II neceoary and Identity by block numbor)

brackish water, chlorination, chlorine resistance, -8esalination membranes, 4 ,)
reverse-osmosis, seawater ft

i4. '

2U. .A CSTA.T (Coaf e am reve &I It nf ce ad Iderulty by block number)
Sixteen prototype spiral wound reverse osmosis elements were designed, fabricate(
and subjected to an extensive Phase I test protocol for acceptance. These proto-
tv,.,n elements contained a high rejection grade of FilmTec's FT30 membrane
especially treated by a proprietary process to enharce iL:. ch] -,-j rei-nce.
Spiral elements vere additionally designed to operate at a feedwater temperature
of 140OF. Flux and salt rejection of these plements averaged 2220 GPD and 99.0%
on ASTM synthetic seawater at 800 psi and 256C. ,

3 00 3 '1473 EDIION OF I NOV 6S IS OBSOLETE
SECURITY CLASStFICATIOPt OF TMIS PAGE (W en O t& Entered)



S.~ ~ OULN.TSI e .e COTi4S t U~~?O IOIVLE4 OECAKIPTZIOEP9 O I"C.%

Phapse ITs eut of 1 Proote *

2. Elems Reverse o OhsTmosici ns 1es

4. TestoPeocedure.....................................51

5. Lis: or the Test Requiremnents..................... 6

6. Summation of Test Results.......................... 7

7. General Description of Phase I EventsI ~~ ~~ ~ ~ an idns............................... 1

8. ConcLusions......................................... 15

9. Appendix A: Tabulated Test Data

I1P A FT i A T .iLF RS L S RP 3 IIYP R O E SP O IIE
I'



DAAK70-86-C-008 1

TEST AND DEMONSTRATION REPORT

Phase I Test Results

II PURPOSE OF THE TEST

The overall objective of this test is to generate reverse osmosis performance

data documenting the performance of a new membrane element prototype designed

for improved resistance and high temperature operating characteristics. The

specific objective of this Phase I test is to provide baseline test data on

these protbtype elements under three feedwater test conditions (fresh water,

brackish water, seawater). These baseline test data are to demonstrate minimum

flux and chloride rejection characteristics as a basis for approval to conduct

Phase II and III tests9 as outlined in the subject contract.

Initially, the contract called for tests on 16 elements. During Phase I

testing, the contract scope was changed to testing on 18 elements including

three (instead of one) earmarked for Phase II chlorine tests.

U DESCRIPTION OF TEST SPECIMENS

Test specimens are spiral wound reverse osmosis elements meeting dimensions and

requirements as shown in the attached Drawing No. 20203. Because of some inter-

nal changes in these elements, they were designated as XP30HR-6040M prototypes.

These prototype elements differ from standard SW30-6040M reverse osmosis ele-

ments in the following respects.

I First, these elements have FilmTec's high rejection grade FT30 membrane con-

tained therein, but this membrane has been treated by a proprietary process to

* enhance both flux and chlorine tolerance.

Second, these elements have a double layer of epoxy nylon tricot as permeate

channel spacer for improved flow-carrying capacity under high temperature and

high pressure. Standard reverse osmosis element designs have temperature limi-

tations, with typical commercial operating limit of 45°C; and the permeate chan-

nel spacer of a standard element collapses at high pressure and high temperature

conditions.

Third, to maintain sufficient active membrane area in the elements in view of

the use - t ickpr p-rm-ata channel construction, a thinner brine channel

spacer was utilized. A ladder-type brine net, made by Conwed Corporation, was

used as opposed to a diamond crosshatch brine net normally used in such ele-

* ments.
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DAAK70-86-C-O081

I DESCRIPTION OF TEST APPARATUS

A special test bench was built for this tt-st program. FilmTec drawing #3-0387,

attached a- Figure 1, is a diagram of this test bench. It was located in the

R&D area of FilmTec, as opposed to the element production area. Hence, no

interference by regular element production testing was experienced.

This test bench was designed for long-term, unattended operation. It was

further designed to operate in the mode required to satisfy the test protocol,

i.e., a single element is tested for eight hours followed by 16 hours otf,

followed by eight hours testing. To compress the overall time required for test

program, the test system was equipped with three pressure vessels. A timer

operated three high pressure valves (via an electric-to-air solenoid). The

timer was preset to provide eight hours testing on one element, then a second and
then a third, and then back to the first element, etc. This automatically pro-

vided the 16 hours "off" required between tests. Because the piping for both

the permeate and reject flows connect together, check valves were installed to

assure that only flows under test were entering the downstream portion of the

system.

The pressure vessels themselves were specially designed to provide simple, but

safe, elemcent changeover and operation. They consisted of filament-wound tubes

designed for the radial pressure load. The axial pressure was carried on pairs

of stainless steel plates with end forks to hold in the end plugs.

Feed was supplied from a 200 gallon reservoir with a positive displacement pump

of a wobble plate-diaphragm design that eliminates feed contamination from the

pump drive mechanism - an important point when operating a closed loop system.

The feed flow was dictated by the pump speed, which was set to provide 18 gpm.

The feed pressure was controlled using a pressure transducer to sense the

pressure, a proportional integrating differentiating (PID) controller, an

electric-to-air converter, and an air-regulated needle valve. This combination

provided a feedback controlled loop and a precise, constant pressure.

Temperature control was provided by a chiller (for maintaining 25 0C) and heater

(for future high temperature testing). Overpressure safety was provided on the

high pressure side by a rupture disk. The low pressure return plumbing was pro-

tected by a high pressure cut-out switch.

Ports were provided for checkinv on-line senqnr -albration. The sjstam was

provided with a variety of other sensors to collect the data required. These

included platinum resistance temperature sensors, pressure transducers, probes

and meters for chloride ion concentration, pH, conductivity, flow and chlorine.

These (analog) signals all went to a 32-channel data logger. This device con-

ve!rted the data to digital form and transferred the data to a computer dedicated3 to this project. The data logger also provided temperature control, feed water

concentration control and some safety functions.

I -3-
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DAAK70-86-C-0081

TEST PROCEDURE

Phase I testing consisted of three different tests (fresh water feed, brackish

water feed and synthetic seawater feed). A total of 18 prototype reverse

osmosis elements were tested. Each element was run eight hours a day for

two days for each test. The following two pages contains a list of reverse

osmosis test parameters to be measured. Table I (below) lists the specified

compositions of the three feedwaters.

* TABLE I

SPECIFIED COMPOSITION OF DESIGNATED

FEEDWATERS

I
Fresh water: 500 mg/l + 5% NaClI
Brackish water: 5,000 mg/l * 5% NaCl

Seawater: ASTM-D-1141, "Substitute Ocean Water,

Formula A, Section 6, without Heavy Metals"

I Chlorinated feedwater: 5,000 mg/l NaCl plus 5, 0, 10 mg/l

available chlorine

I Fresh water feed was 500 ppm + 5% NaCl, and the fresh water test was conducted

at 320 psi operating pressure. Brackish water feed was 5000 ppm + 5% NaCl, and

the brackish water test was conducted at 375 psi operating pressure. Synthetic

sea water was ASTM-D-1141 "substitute ocean water", and the synthetic sea water

test was conducted at 800 psi operating pressure. All three tests in Phase I

testing were conducted at 25*C. All of the test data were collected by the
data logger and were sent to a microprocessor and stored therein.

i

i -5-
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DAAK70-86-C-0081

TABLE 2

LIST OF TEST REQUIREMENTS

1. When tests were takers, hourly readings.

2. Analysis of feedwater and product water

3. Feedwater

a. pH

b. Total dissolved solids content (TDS)

c. Chloride ion concentration

d. Pressure (psig)

e. Flow into test stand

f. Conductivity

g. Temperature 'F, °C + I°C

4. Brine (waste streams)

a. pH

b. TDS

c. Chloride ion concentration

d. Flow in gpm

e. Flow in lb/time interval

f. Temperature 'F, °C + P°C

g. Conductivity

5. Product Water

a. pH

b. TDS

c. Chloride ion concentration

d. Temperature °F, *C + 1°C

e. Flow in gpm

f. Flow in lb/time interval

g. Conductivity (uS)

6. Percent chloride ion rejection

7. Product flow in gal/day

* 8. Percent recovery

9. Delta P (change in pressure) across element in

test stand

10. Provide product flow curve vs. pressure for fresh,

brackish and seawater

11. Provide temperature correction factor chart, plot feed

salt concentration vs. salt rejection

-6-
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I
In Phase I testing, feed water and permeate water were manually sampled once a

day, and their conductivity as well as the chloride ion concentrations were

manually measured. The chloride ion concentrations were measured by preparing

standard chloride solutions and using a chloride ion meter. Reject flow rate

and permeate flow rate were checked once a day volumetrically to confirm the

displayed flow rates.

SUMNATION OF TEST RESULTS

Table I contains a summary of flux and salt rejection data for the 18 prototype

elements operated under "fresh water" conditions. Fluxes exceeded 1850 gpd for

all 18 elements, tested at 320 psi operating pressure and 25°C. Chloride ion

rejection exceeded 99.5% in all cases, as well.

Table II contains similar data under seawater test conditions. Seventeen out of

18 elements exceeded the 1850 gpd flux minimum, operated at 800 psi and 25°C.

Chloride ion rejection varied from 98.9 to 99.3% for all 18 elements.

Table III contains a summary of flux and chloride ion rejection for the 18 pro

totype elements operated under "brackish water" test conditions. All elements

exceeded the f'ux of 1850 gpd, operated at 375 psi an 250 C. Chloride ion

rejections were all above 99.0% except for two elements.

The st-mary data in these three tables were taken from the final operating data

at the end of the second 8 hours of testing on the subject elements in each of

* the three test conditions.

I
I

I
i

I -7-
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TABLE 3

SUMIARY OF PROTOTYPE ELEMENT TEST DATA ON FRESH WATER FEED

Serial # Avg. Flux (gpd) Avg. Chloride Rejection (%)

307017 2300 99.6

307019 2600 99.6

30i004 2250 99.7

307014 2450 99.7

307010 2350 99.7

307016 21CO 99.7

307000 2500 99.7

307001 2400 99.7

307018 2400 99.7

307C08 2550 99. 7

307013 2050 99.7

307006 2250 99.7

307005 2000 99.7

307021 1950 99. 7

3 307012 1900 99.7
307015 2350 99.7

307020 2050 99.7

307007 1830 99.4

307011 1750 99.7

307003 2350 99.3

3 Test Conditions:

Operating Test Pressure = 320 psi

Permeate Temperature = 25C

Feed Concentration = 500 ppm : 5% NaCI

I

i_ _
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U
TABLE 4

I SUMMARY OF PROTOTYPE E T EMENT TEST DATA ON BRACKISH WATER FEED

I Se7 lal # Flux (gpd) Chloride Rejection (%)

307019 2210 99.3

307000 1920 99.0

307016 2340 99.2

307013 2500 99.3

307008 2250 99.4

307021 1870 99.3

307005 3300 99.3

307015 2400 99.5

307012 3050 99.5

307007 1850 99.1

307020 1990 98.8

I 307006 2180 99.0

307001 2400 98.7

307004 2220 99.2

307017 2370 99.4

307003 2500 99.4

307016 2720 99.4

307018 2590 99.1

307010 2350 99.4

307014 2280 99.3

307011 2160 99.3I
lest Conditions: Operating Test Pressure 375 psi3 Feed Conductivity = 9200 umho + 5% NaCI

Permeate Temperature 
= 25°C

I
I

I -9-
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1 TABLE 5

i

U SUl'MMARY O' ,'',?E ELEMENT TEST DATA ON SYNTHETIC SEAWATER FEED

I Seri21 Flux (gpd) CI- Rejection (%)

30700>6 2140 98.9

307>'  1850 98.9

307U16 2360 99.0

307015 1800 98.9

307020 1900 99.1

307012 2300 98.6

307010 2380 99.2

307014 2200 99.1

307011 2150 99.1
307019 2570 98.9

307016 2600 98.8

307000 2100 98.9
307004 2680 98.9
307003 2070 99.1

307017 2400 99.3

307005 2080 99.1

307021 2070 99.1

307008 2220 99.0

3 Test Conditions:

Operating Test Pressure = 800 psi

I ermeate Temperature = 25°C

Feed Concvntration = 35000 ppm + 5% synthetic sea water

II
I

-IO
I
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GENERAL DESCRIPTION OF PHASE I EVENTS AND FINDINGS

Initiation of this procurement contract occurred on 29 July 1986. Initiation of

Phase I testing was planned for early September, out was actually delayed until

early November. Delay was caused by the fact that the test apparatus was not

yet fully assembled, and a few key parts were not delivered on time by

suppliers.

In preparation for Phase I, a total of 22 prototype elements, designated as

XP3OHR-6060M elements, were fabricated. Eighteen were required for test pur-

poses. The other four were available as spares, in casc :ny of the first 18

elements did not meet salt rejection criteria.

I
November 1986

I All 22 prototype elements were tested with 3.2% NaCl feedwater at 800 psi at

25'C. All elements showed low fluxes (1500-1750 gpd) due to the selection of

the specific SW30-HR grades used in these elements. Salt rejection exceeded 99%

for all 22 elements.

3 All 22 elements were subjected to FilmTec's proprietary treatment with nitrous

acid to enhance flux and salt rejection. All 22 elements were then tested with

3.5% synthetic seawater at 800 psi. Flux increases averaged 57% as a result of

this treatment. This was somewhat below expectations based on lab bench trials

I % f......x increase).

During these baseline tests, the PID controller for system pressure control did

not work at all, and it was replaced. The new PID controller was calibrated and

tuned to appropriate set-point. The chloride ion sensors also did not work

well. The span seemed too wide, and it was just not very reliable. The chiller

that controlled the test loop feedwater temperature was not able to maintain the

required 25*C at 800 psi for more than 1-2 hours. Therefore, baseline tests had

to be stretched out to allow the cooling system to "catch up" between tests.U
December 1986

Upon completion of the baseline tests at 800 psi, 25°C, and 3.2% NaCl, the pro-

totype elements were re-treated with FilmTec's proprietary nitrous acid treat-

ment. The first proprietary treatment for improved flux and chlorine tolerance

was apparently not conducted long enough and had not taken full effect.I
! -11-
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The repeat treatment raised flux levels a little more, but still not to the

anticipated 100% flux increase level. The treatment was done for the third

time, but provided no improvement in flux over the second treatment. Salt

rejection for these elements had dropped to the 98.8-99.1% level as a result of

the treatments. See Table 6 for pre- and post-treatment data.

An element was cleaned with 0.5% NaOH/EDTA and rinsed with RO water for half an

hour. This gave some increase in flux. All of the elements were then cleaned

with 0.5% NaO/EDTA dnd rinsed with RO water for half an hour. Since the fluxes

of elements at this point were all above the minimum flux required by the

contract under standard seawater test conditions, Phase I testing commenced.

Two-thirds of the fresh water feed test was complete by the end of December

1986.

i Two of the original 22 elements were autopsied during this time period to check

membrane construction details and active membrane area. Thus, two remained as

spares, along with 18 for full scale Phase I tests.

i
I
I
i
i
I
i
I
i
5-12-
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Table 6

XP30HR-6040M Element Test Results

I Initial Baseline Test Data* Post-Treatment Baseline Test Data**
Serial Flux Salt Rej. Flux Salt Rej.

Number (gpd) M (gpd) (%)
307000 1680 99.2 2860 99.0

307009 1710 99.0 2730 98.9

307013 1510 99.2 2840 99.0
307017 1620 99.2 2710 98.9

307008 1670 99.1 2660 99.0

307012 1750 99.1 2380 98.8

307004 1750 99.1 2630 99.0

307003 1640 99.1 2130 98.8
307016 1690 99.0 2280 98.8

307021 1730 99.1 2160 98.8

307010 1680 99.2 2610 99.0
307005 1620 99.2 2530 98.8

307007 1700 99.1 2680 99.0

307006 1710 99.2 2590 98.9
307011 1730 99.0 2630 98.9

307015 1700 99.1 2470 98.9

307020 1460 99.1 2440 99.1

307001 1610 99.1 2650 99.0

307018 1580 99.1 2750 98.7
307014 1560 99.2 2850 98.8

307019 1570 99.2 2790 99.0

307002 1560 99.1 2510 98.8

Average: 1650 99.1 2590 98.9

* Test Conditions: production test loop, simulated seawater (NaCl,3 53400 + 600 umho feed conductivity), 800 psi, 25°C

** Test Conditions: R&D test loop, ASTM synthetic seawater (51300 +
350 umho), 800 psi, 25°C

1
I
I -13-
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January 1987

The remainder of the elements were tested at fresh water feed test conditions by

mid-January. Synthetic seawater tests were then begun. However, the elements

all seemed to have lost substantial flux. The elements were subsequently

cleaned with 0.5% NaOH/EDTA and rinsed with RO water for half an hour. Fluxes

were increased substantially by the NaOH/EDTA cleaning. Such behavior is

characteristic of organic or biological fouling. Bacterial growth may have

occurred in the elements during storage while they were not being tested.

Downtime was experienced in late January because the feed pump failed to provide

sufficient feed flow. The pump was sent to the manufacturer and was overhauled

and re-assembled. An additional heat exchanger was also installed in a series

to provide some auxiliary coolin7 capacity. This enabled the system to maintain

the feed temperature at 25°C at 800 psi.

m February 1987

The synthetic seawater tests resumed. However, the salt rejections of the first

few elements which were tested right after the NaOH/EDTA cleaning were low

(98%). Yet, salt rejections of elements which were tested several days after

the NaOH/EDTA cleaning were good (99%). Subsequently, the elements with low

salt rejections (98%) were retested after 5 days; salt rejections improved to

m99.% for these as well.

Some system malfunctions and downtime continued to occur during the synthetic

seawater tests. The reject flow meter was malfunctioning and was fixed by a

serviceman. Also, the feedwater temperature probe was recalibrated. Broken

belts on the feed pump were repl . o and, while the system was down, the feed-

water reservoir was emptied and cleaned with alkaline detergent cleaner.

Also, during the changeover time from one pressure vessel to another, the feed

pressure sometimes exceeded the high pressure cutoff value, inadvertently

shutting off the test system. This problem was resolved by tuning the PID

controller's response more sensitively to the changing test pressure during the

I element changeover time, and by increasing the high pressure cutoff value to 950

psi.

The brackish water tests were begun at about the end of February.

i

I
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March 1987

The brackish water tests continued. However, flux losses were again encountered

on elements that laid in storage between tests. They were again cleaned with

0.5% NaOH/EDTA cleaner and rinsed with RO water. The fluxes of the elements

after NaOH/EDTA cleaning improved substantially.

The pump broke down again in March and was re-assembled by the manufacturer.

The reject flow meter malfunctioned again, was fixed by a serviceman, and was

recalibrated. One element which had been tested at brackish and seawater con-

ditions, but had inadvertently not been tested at fresh water feed test con-

ditions was now tested.

CONCLUSIONS

U All of the 18 prototypes chosen for testing on the three feedwaters in this

Phase I test performed satisfactorily. All met or exceeded 99.6 percent

chloride ion rejection on fresh water. Chloride ion rejection data on brackish

water were in the range of 98.7 to 99.5 percent. Chloride ion rejection data on

seawater were in.the range of 98.6 to 99.2 percent (median value was 99.0

percent).

The chloride ion rejection values for the prototype elements under brackish

water and seawater conditions were below the desired level of 99.5 percent

expressed in the original RFQ. However, FilmTec's proposal in response to this

RFQ specifically noted that the 99.5 percent value was unattainable for these
prototype elements, and the contract effort was undertaken on this basis. We

had predicted an average chloride ion rejection of 99.1 percent for these proto-

types. Actual result was 99.0 percent. All of the elements exceeded the 98.5

percent chloride ion rejection level considered necessary for potable water pro-

duction from seawater.

Water fluxes exceeded the minimum of 1850 gpd for 17 of the 18 prototypes under

the specified seawater test conditions of 3.5% synthetic seawater, 800 psi,

25 0 C.

I
I
I
I
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